Studies in English and Italian have shown that non-fluent Broca's aphasics find it more difficult to produce verbs than nouns, while some fluent patients (including Wernicke's aphasics and anomics) show the opposite profile. Explanations for this double dissociation include grammatical accounts (e.g. verb deficits reflect differences in morphological and/or syntactic complexity), semantic-conceptual accounts (e.g. verbs are based on action meanings, which are stored in anterior motor regions; nouns are based on object meanings, which are stored in sensory cortex), and lexical accounts (verbs and nouns are stored in separate regions of the brain, independent of their semantic content). In Chinese, many words are compounds with a complex internal structure, including VN compound verbs like 'LOOK-BOOK' ('read') and VN compound nouns like 'STAND-GOOSE' ('penguin'. Hence words may be nouns at the lexical level, but they contain verbal elements at the sublexical level, providing a challenge to existing explanations for the noun-verb dissociation. An object-and action-naming study was conducted with Chinese Broca's and Wernicke's aphasics, designed to elicit several different compound types (VN nouns, VN verbs, VNN nouns, NNN nouns and NN nouns). We replicate the noun-verb double dissociation at the whole-word level, and provide further evidence for a double dissociation at the sublexical level: Broca's err more often on the verb morpheme within VN nouns as well as VN verbs; Wernicke's err more often on noun morphemes, and they often produce verb morphemes where none are required (e.g. substituting VV for NN words). Hence explanations for the noun-verb dissociation must apply at both the lexical and the sublexical level, a problem for all current accounts.
Introduction
One of the most puzzling dissociations in the literature on language breakdown in aphasia is the apparent double dissociation between nouns and verbs (Berndt and Zingeser 1991; Goodglass 1993; Caramazza and Hillis 1991; Glosser et al. 1994; Joanette and Brownell 1990; Zingeser and Berndt 1990) . Several studies have reported that Broca's aphasics display specific deficits in the production of main verbs, compared with their production of object names. These patients often omit verbs in their spontaneous speech. For example, the verb 'to give' is omitted in the description 'The girl is ... the flower' for a picture in which a girl is giving flowers to a woman. Alternatively, they sometimes replace verbs with a corresponding nominal form, e.g. the use of 'Bunny ... tears' for a picture that normals describe with 'Bunny cries' (examples from Bates et al. 1988) . A complementary profile has been reported for fluent patients, including Wernicke's aphasics and some anomics. These patients display fewer problems with verbs and more severe problems in the production of names for common objects in their spontaneous speech, resulting in an overuse of pronominal forms and circumlocutionary frames (e.g. 'This thing here, whatever it is called, it's crying'-from Bates et al. 1991a) , and in the production of semantic paraphasias (e.g. 'Baguette' instead of 'Bunny'- Bates et al. 1988) , and (in more severe cases) neologisms and jargon.
The noun-verb dissociation was originally reported for spontaneous speech, but it has also been observed in experimental studies of object and action naming outside of a sentence context (Miceli et al. 1984; Osmán-Sági 1987) . Specifically, when some non-fluent and fluent aphasics are asked to name simple objects and actions, they show opposite patterns of naming difficulty: Broca's aphasics make more errors on actionnaming items, while Wernicke's and/or anomics make more errors in object naming.
This peculiar double dissociation seems to have been forced upon us by the empirical facts. It does not follow naturally from any particular linguistic theory (but see Zingeser and Berndt 1990) . Indeed, Caplan (1987) has proposed that we might be well advised to leave this phenomenon out of linguistically motivated theories of agrammatism:
We may exclude any problems with main verbs from agrammatism, for the following reasons..... As we have seen, there are several possible characterizations of the affected elements within one or another version of linguistic theory and psycholinguistic processing models. These formulations all identify sets of affected language elements, and also exclude certain language elements from these sets.....Verbs are excluded from these sets of vocabulary elements. Therefore, abnormalities affecting verb roots, such as their absence of replacement by nominal stems, are not part of the agrammatic features of speech, but have some other source. It is, of course, possible that other formal characterizations would group the elements designated in these theories together with verbs, but to date no such characterizations has been stated...Variation in this aspects of the speech of agrammatic patients, though interesting, does not affected our ability to define agrammatism (p. 284).
Caplan's advice notwithstanding, the robust and persistent double dissociation between nouns and verbs has driven some investigators to search for some kind of grammatical, semantic or conceptual explanation. At least four explanations have been offered (see Bates et al. 1991a Bates et al. , 1993 . In the first two cases, verb deficits in Broca's aphasia are viewed as a by-product of agram-matism. In the second two cases, the deficit is located outside the grammar, at a lexical and/or conceptual level.
1. The morphological account. This model traces the noun/verb dissociation to problems at the level of grammatical morphology (Caramazza and Berndt 1985) . Specifically, it has been argued that the presence of verb problems in Broca's aphasia reflects a more general deficit that these patients display in the use of grammatical inflections. Because verbs carry a heavier load of grammatical markings than nouns, Broca's aphasics, who suffer from grammatical impairment, are less capable of producing verbs. 2. The syntactic account. The second model also approaches the main-verb problem in Broca's aphasia as a kind of grammatical impairment, but in this case the deficit is attributed to the greater syntactic complexity of verbs. In particular, verbs are syntactically more complex than nouns because verbs determine the number of arguments in a sentence; nouns are used to fill these arguments, but they do not assign them (Lapointe 1985) . A variant of this argument can be found in Joanette and Brownell (1990) , who suggest that a deficit in main verbs may be only one manifestation of a more general problem with predication. 3. The semantic-conceptual account. In this model, noun-verb dissociations are attributed to contrasting impairments at the semantic-conceptual level. This claim is compatible with the idea that the anterior (motor) cortex participates in the activation of action meaning while the posterior (sensory) cortex plays a greater role in object meaning (Petersen et al. 1988 , Damasio 1989 ). 4. The lexical account. The fourth and final explanation is that the noun-verb dissociation observed in fluent and nonfluent aphasics reflects a breakdown in processing that is located entirely within the lexicon (Miceli et al. 1984 (Miceli et al. , 1988 ; see also Caramazza and Hillis (1991) . More precisely, Miceli et al. have argued that nouns and verbs are stored in separate regions within the mental lexicon. The noun-verb dissociation in aphasia reflects selective damage at the lexical level, a claim that is independent of the grammatical and/or semanticconceptual roles that these lexical items carry. More detailed variants of this model provide even more distinctions. For example, to account for the fact that some patients show the noun-verb dissociation only in production while others show it only in comprehension, Miceli et al. (1988) have proposed four separate lexicons: a noun input lexicon, a verb input lexicon, a noun output lexicon, and a verb output lexicon. In the same vein, Caramazza and Hillis (1991) and Hillis and Caramazza (1994) have described cases that show these form class dissociations only in speaking, or in writing. They have thus proposed separate lexicons for nouns versus verbs in each modality (see also Berndt and Zingeser 1991 ).
There are a number of problems with these explanations. The first problem has to do with the causal asymmetry of the two grammatical accounts (morphological and syntactic). Both these models have been proposed to explain the verb deficit in non-fluent patients, but they leave the noun problem in fluent patients unexplained. Presumably, the non-fluent patient's verb difficulty is caused by agrammatism, while the fluent patient's problem with nouns is attributed to some kind of (unrelated) semantic-conceptual deficit which (for unexplained reasons) does not affect verbs to the same extent.
A second problem with the morphological account revolves around the assumption that verbs carry more morphology than nouns. This is a reasonable assumption for languages such as English or Italian, but it runs into problems in Hungarian (where nouns carry at least as many morphological markings as verbs) and Chinese (where there are no inflectional morphemes of any kind on nouns or verbs). Osmán-Sági (1987) has shown that the double dissociation in object and action naming can be observed in Hungarian, and Bates et al. (1991a) have demonstrated an equivalent double dissociation for Chinese. Hence it appears that the double dissociation cannot be explained in terms of the 'morphological load' carried by verbs.
The syntactic account could deal with the Hungarian and Chinese data, since all languages have verbs that vary in their logical complexity. However, this model has difficulty accounting for the fact that Broca's aphasics tend to preserve the canonical order of words in their sentence production, which means that (at some level) they are able to fill arguments and assign positions in surface structure (Chen 1993; Tzeng and Chen 1988) . In the same vein, Shapiro and Levine (1990) have shown that Broca's aphasics show the normal effects of verb complexity in sentence comprehension, which suggests that they do not have difficulty filling the arguments of a verb. Also, as this paper has pointed out, the verb argument account may explain the Broca's deficit, but it provides no explanation for the opposite profile displayed by fluent patients.
The lexical account has some equally serious flaws. First, as noted by Goodglass (1993) , this explanation sounds distressingly like a redescription of the data (e.g. patients cannot produce verbs because they have suffered damage to their oral verb lexicon, others cannot write verbs because they have damage to the graphemic output verb lexicon). Such accounts may ultimately prove to be correct, but it would be useful if they had some independent motivation beyond the deficits that they were designed to explain.
A second, deeper problem for the lexical account revolves around the size and nature of the unit that is stored in a putative verb or noun lexicon (across or within modalities). This problem is illustrated particularly well in Chinese. Because Chinese has no inflectional or derivational morphology, it relies heavily on compounding to create complex words (for an extensive discussion, see Bates et al. 1993) . In fact the overwhelming majority of Chinese words are composed of two or more sublexical elements. With very few exceptions each of these individual elements has its own meaning (and constituted a free-standing singlemorpheme word in ancient Chinese), and each is expressed as a single syllable in the spoken language and a single character in the written language. When these individual elements enter into a compound, their meaning often undergoes modification, but there are no derivational changes in their physical shape. This contrasts markedly with derivational processes in a language such as English, where complex words are built up using derivational morphemes such as '-ment' in 'government', or '-er' in 'bottle-washer'. There are also no unique ordering principles to distinguish a compound from a phrase. For example, the English compound 'dishwasher' involves a switch in the verb phrase order 'wash the dish', but the corresponding Chinese compound uses the same order in the compound and the phrasal form (i.e. WASH DISH). Compounds formed with two open-class morphemes are common in Chinese, and in many cases the compound itself and the open-class morphemes that it contains belong to different grammatical categories (e.g. VN nouns or VN verbs). Hence category membership must be assigned at two levels: the whole-word level, and the level of word components. If the respective noun and verb lexicons are stored in separate parts of the brain, where are VN compounds stored? Is a VN verb stored in the verb lexicon, and a VN noun in the noun lexicon? Or is the verb element stored in the verb lexicon, while the noun element is stored somewhere else? Should the lexical account be recast at the sublexical level? At both the lexical and sublexical level? If we also allow for the possibility of modality-specific lexicons, then we have to deal with a very large number of separate lexical stores-a graphemic output sublexical verb store, a graphemic output sublexical noun store, a graphemic output whole-word verb store, and so on, to the point where the Law of Parsimony really has been stretched to its limits.
The same problem can be extended to the semantic-conceptual account. If verbs are more affected in anterior patients because they draw heavily on 'motor meanings', then what should happen to noun compounds that contain a verbal element? Conversely, if nouns are more affected in posterior patients because they draw heavily on 'perceptual meanings', then what consequences follow for verb compounds that contain a nominal element? The semantic-conceptual account has an advantage over the lexical account, insofar as it has some independent motivation (e.g. there are good neuroanatomical reasons why verb meanings might be stored in anterior cortex, in and around the motor strip). But such stores will necessarily proliferate if we need separate representations for lexical and sublexical components.
Two major findings in the Bates et al. (1991a) study of action and object naming in Chinese aphasia speak to this issue. First (as noted above), they found a significant double dissociation between Broca's aphasics and Wernicke's aphasics at the whole-word level (for complex and simple word forms), with Broca's performing better on nouns than verbs while Wernicke's show the opposite configuration. Second, they also found a dissociation between nouns and verbs inside compound words, at the level of component morphemes (i.e. Broca's found it easier to lexicalize the nominal portion of a VN compound, while Wernicke's found it easier to lexicalize the verbal component in the same compound words). Based on the two findings, Bates et al. (1991a) draw the following conclusions.
1. The morphological account has to be rejected because a double dissociation between nouns and verbs is maintained in spite of the lack of grammatical morphology in Chinese. 2. Any lexical account which assumes a single level of lexical representation has to be revised, because it cannot account for the double dissociation observed at the sublexical level (i.e. inside of VN compounds). However, the following possibilities remain open. 3. A semantic-conceptual account cannot be rejected at this point, although it is clear that such an account must be extended to the meanings of individual components within a compound. 4. It may be possible to entertain a revised lexical account, in which individual components of compound words are listed separately in the lexicon. This is a plausible alternative, but (a) it flies in the face of evidence suggesting that normal Chinese subjects treat high-frequency compounds as whole words (Tzeng 1997; Huang and Hsieh 1989) , and (b) it may constitute nothing more than a restatement of the data.
In our view, evidence against the two grammatical accounts is now quite solid, but the other models need to be pursued in more detail. In particular, the sublexical dissociations reported by Bates et al. (1991a) require a further investigation, because (as noted by Zhou et al. (1993) many of the VN compounds used in their original study could be interpreted as verb phrases rather than compound words. If this is true, then the sublexical dissociations reported for Chinese could be explained at the whole-word level (see Bates et al. 1993 , for a number of counterarguments). In the present study, we will try to replicate the findings of Bates et al. (1991a) for VN compound verbs, and extend their findings to other compound types that are not subject to the same word/phrase ambiguity. Before we proceed to the experiment, we need to discuss the structure of Chinese compounds in more detail.
Compounds in Chinese
As noted earlier, Chinese morphology is unique in two ways: its grammatical morphology is extremely simple but its open-class morphology is extremely rich and complex. The paucity of grammatical morphology has been intensively discussed in the literature on Chinese aphasia (see Bates et al. 1991a , Packard 1990 , Tzeng et al. 1991 . The second property has received less attention in aphasia research. In modern Chinese, 80% of all words are compounds, comprising two or more components (single-syllable morphemes) (Chao 1968 , Li and Thompson 1981 , Ren 1980 . Each stem carries its own meaning and grammatical category. For example, the nominal compound 'penguin' is composed of one verbal component 'qi' (means to stand) and a nominal component 'er' (means goose). Like the nominal compound 'penguin', the verbal compound 'to eat' is made up of two parts: a verbal part 'chi' (means to eat) and a nominal part 'fan' (means cooked rice). Thus, there are situations that a noun may contain a verbal component and a verb may bear a nominal component.
However, not all compounds are uncontroversially words. Verbal compounds such as 'chi-fan' (literally eat-rice, to eat) can also be interpreted as a verb phrase (which means 'to eat rice'). Thus, the component 'chi' (to eat) can function either as a word or a component of the verbal compound 'chi-fan' (to eat). In fact, compounds and short phrases are quite similar in Chinese, along a number of dimensions. In some cases, compounds and phrases are identical in their surface structure. In such cases semantic interpretation is the only way to distinguish a compound from a phrase (Bates et al. 1993) . The following example cited from Bates et al. (1993) demonstrates that the semantic interpretation determines the form as a compound or a phrase.
(1) (a) jin-yu gold-fish 'goldfish' (b) jin yu gold fish 'fish made from gold'.
Specifically, the referent 'goldfish' in (1a) is derived from the whole compound 'jin-yu', referring to a special kind of fish. In contrast, the morpheme 'yu' in (1b) refers to an independent entity, namely 'fish made from gold'. The two are identical at a superficial level, but the existence of a phrasal reading cannot be used to deny existence of the compound reading. Additional evidence of some kind is needed to distinguish between the two.
In some cases, grammatical words are used to distinguish compounds from short phrases. Nominal compounds and relative clauses are the most common pairs of this sort (Chen and Shi 1992, Zhu 1981) . For example, the grammatical word 'de' (that) is the way to tell that 'pen-shui-chi' (spring-water-fountain, fountain) is a compound, while 'pen shui de chi-zi' (literally spring water that fountain-DM, the fountain that springs water) is a clause. In cases like this, the structural properties such as the presence of modifier markers 'de' (that) in a clause are important criteria to differentiate compounds from phrases.
Of all the Chinese compounds, the status of verbal VNs is the most controversial, i.e. are they compounds or phrases? This is the case because a VN phrase and its corresponding VN compound are identical in their surface structure. Their semantic interpretations are also very similar in many cases. For example, the phrase 'chi-fan' and the compound 'chi-fan' do not differ in their forms, and their semantic interpretations differ in a very subtle way. Specifically, the noun 'rice' is generic (or without semantic significance) in a compound reading, so 'chi-fan' is interpreted as 'to eat' or 'to have a meal' (not necessary rice), while the same 'rice' in a phrase is interpretation as a referential item (rice), so 'chi-fan' is interpreted as 'to eat rice'. The reason why verbal VNs can function as compounds is that the VN form is one of the major devices for action naming, and the presence of nouns in verbal VN compounds is to fulfill a structural requirement for verbal compounds. This morphological process is shown in the following example: When the picture of 'sewing a generic piece of clothing' (instead of sewing clothes) was presented, normal Chinese-speaking subjects invariably produce 'feng-yi-fu' (literally sewclothes-clothes, to sew) rather than a single verb 'feng' (literally sew).
The above three cases demonstrated that compounds and phrases are intimately related. This special relation may trigger phrases to influence the processing on their corresponding compounds out of context. If this is true it is necessary to find more evidence to support the claim that the problem with components take place at the sublexical level. The study by Bates et al. (1991a) was based on VN forms which can have both a phrasal and a compound reading (although most of their items have a very high likelihood of occurring as compounds). In the present study we will also include uncontroversial nominal compounds which can carry only compound readings. The most interesting of these alternative forms are the nominal VN compounds, which are identical to verbal VN in their surface form.
There are four major nominal compound types (where 'major' means that these types are high in frequency): VN, NN, VNN, and NNN types. Examples of each type can be found in (2) through (6). Nominal compounds (2) NN lan-hua orchid-flower 'orchid' (3) VN qi-er stand-goose 'penguin' (4) NNN yu-mao-qiu feather-fur-ball 'badminton' (5) VNN xi-yi-ji wash-clothes-machine 'washing machine' Verbal VN compound and phrase (6) (a) chi-fan eat-rice 'to eat, to have a meal' b. chi fan eat rice 'to eat rice' Unlike verbal VN compounds (see example 6), which can also be interpreted as a phrase, these four nominal compounds only lend themselves to compound readings (i.e. they cannot be interpreted as verb phrases). Thus, they should provide a further test for sublexical as well as lexical dissociations between nouns and verbs in Chinese.
Performance by aphasic patients on these VN forms can also be compared with other compound types, in particular, VN versus NN and VNN versus NNN. Each pair contains two word types which differ in the noun/verb status of the first component. For instance, NN and VN differ in that their first components are noun and verb respectively; the same is true for NNN and VNN. By comparing Broca's aphasics with Wernicke's aphasics in the production of specific components within these compound types, we can provide further evidence for (or against) the proposed sublexical dissociation in aphasia. In addition to their utility in exploring the existence of sublexical dissociations, nominal VNs also provide a strong test of the syntactic account, because this type of compound does not always follow the principles that govern verb-argument relationships at the sentence level. For example, argument selection in nominal VN compounds does not reflect the case assignment hierarchy. According to Fillmore's case grammar (Fillmore 1968) , case selection must occur in the following order: an object has to be selected before an agent, which has to be selected before an instrument or a location. In direct contrast with this hierarchy, the nominal component of a Chinese VN nominal compound can be an agent (e.g. jizhe, literally record-person, 'journalist') without an object, an instrument (qing-tie, literally invite-card, 'invitation card') without an agent or an object, or a location (kao-xiang, literally roast-box, 'oven') without an object or an agent. Another difference between verb elements in a nominal VN compound and verbs at the sentence level lies at the functional level. In particular the verbal component of a nominal VN compound behaves like the modifier of the noun component; it does not behave like a verb with a single argument. For example, the verbal component 'qing' (to invite) in the compound 'qing-tie' (invite-card) is to tell that the function of the card is to invite 'someone' to come. The argument 'card' is not an obligatory argument of the verb 'to invite'. Instead, the object (e.g. someone), which does not appear in the compound, is the first argument for the verb 'to invite' to select. These two properties of a verbal component in a compound (i.e. lack of the case hierarchy and modifier functions) suggest that verbal components in nominal VN compounds are not functioning like a syntactic verb (i.e. it does not determine its arguments (nouns). Hence any differences that we find between Broca's and Wernicke's aphasics in the production of verb elements in VN nominal compounds cannot be attributed to the syntactic complexity or syntactic role of verbs.
Finally, while we were focusing on the issue of the noun-verb contrast, we also noticed that these four nominal compounds interact with another major factor in Chinese word formation, the frequency of compound types (Huang 1992; Dictionary of Frequency of Modern Chinese Words, Beijing Language Institute 1985) . Two-morpheme compounds are by far the most common word order type overall. Indeed, it has been argued that Chinese is rapidly evolving toward a situation in which all (or almost all) open-class words contain at least two morphemes, including some with 'dummy' elements like the affix 'zi' added to maintain a bisyllabic rhythmic pattern (Chao 1968; Li and Thompson 1981; Wang (1958) . have shown that differences in word type frequency affect performance by aphasic patients in word production tasks. Fluent and non-fluent patients both tend to give their best performance on bisyllabic words; they both tend to omit one of the elements in trisyllabic words, and sometimes add an extra element on monosyllabic word targets. Hence there is reason to expect these baseline differences in type frequency to influence performance in the naming task presented below. There are also marked differences in word type frequency within some of the bisyllabic types. Among words that are nouns at the whole-word level, nounnoun compounds (NN) are the most common, followed by N-zi (a single noun plus an affix). For words that are verbs at the whole-word level, VN compounds are very common. Putting these facts together we realize that verbal VN compounds like 'chi-fan' ('to eat', literally 'eat rice') are far more frequent in the language than nominal VN compounds like 'qi-er' (penguin, literally 'stand-goose'). These differences in base-rate difficulty may influence performance on the two VN compound types, preventing a truly symmetrical test of the noun-verb double dissociation at either the wholeword or the sublexical level. For this reason, ancillary information about other compound types (NN, NNN, VNN) will be very useful.
Method

Subjects
Subjects for this experiment were 10 Broca's aphasics, 10 Wernicke's aphasics, and nine controls, roughly matched with sex, age, and education. All aphasics were inpatients or outpatients at National Veterans Hospital, the Taiwan University Hospital, or the TriMilitary General Hospital in Taipei. Controls were selected in an informal interview. These normal controls showed intact speech, language and cognitive abilities. All subjects were native speakers of Mandarin (some subjects were also able to speak Taiwanese or Hakka). Appendix A summarizes demographic and neurological information for each subject in the study. Aphasic subjects were classified mainly according to a modified Chinese version of the Boston Diagnostic Aphasia Examination (BDAE). Additional inclusionary and exclusionary criteria outlined by Bates and her collaborators (see the papers in Brain and Language, 41, 1991) were also used to assist in subject classification.
1 Patients were classified as Broca's aphasics if they met the following definition: reduced fluency and phrase length and a tendency toward omission of function words-relative to normals in the Chinese language. Likewise, patients were classified as Wernicke's aphasics if they fitted the following defi-nition: fluent or hyperfluent expressive language, the fluency should be accompanied by marked word-finding difficulties, semantic paraphasia, together with clinical evidence of an impairment in language comprehension.
Materials
The entire experiment comprises six word types. Five of them are compounds. They are nominal NN compounds, nominal VN compounds, verbal VN compounds, nominal VNN compounds, and nominal NNN compounds. The only non-compound word type is the nominal N structure, which is not discussed in the present study (cf. . The compounds used here are all classical compounds, taken from Chao (1968) , Li and Thompson (1981) and two Mandarin Chinese dictionaries (Liu et al. 1975 , Lu 1984 . There are 28 nominal VN compounds, 33 verbal VN compounds, 62 NN compounds, 22 VNN compounds, and 20 NNN compounds in the experiment. Each item is depicted in one picture. Pictures used in the experiment were adopted from commercial catalogues in Taiwan or drawn by a Taiwanese. None of the test items was unfamiliar to Taiwanese subjects in the study. Appendix B provides all the testing items in six word types with their English translation.
Testing procedure
Before the experiment, subjects were given the naming test used in BDAE. Aphasic patients were selected as subjects if they named at least three items correctly. Then we moved on to our experiment, which includes object naming and action naming. Subjects were instructed by the following words:
Xian-sheng (or xiao-jie, tai-tai): qing ni gao-su wo tu-pian li dong-xi (dong-zuo) de ming cheng. Mr(or Miss, Mrs: I will show you some pictures; you tell me the name of the object (or the action) in the picture.
Two kinds of cues were allowed in the naming test. First, if the subject was distracted by a non-target item 1 We departed from the Bates, Chen et al. criteria in one respect: whereas Bates, Chen et al. require that all patients be at least 3 months post onset, we tested some patients who were within 1-3 months from their stroke. This compromise was necessary because of practical restrictions on hospitalization time and availability of subjects in Taiwan. in the testing picture the tester would point to the target. For example, the picture of 'vase' is a vase with flowers in it. If the subject gives 'flower' instead of 'vase', the tester will point to the vase and ask the subject the name of the object 'vase'. Second, if the subject was not sure which action was named, the tester would perform the action without any verbal cue. For example, the picture of 'raising-hand' is a boy who raises his left hand with his mouth open. If the subject gives a name like 'smile' or 'talking', the tester will perform a 'hand-raising' action and ask the subject the name of the action demonstrated by the tester.
Data analysis
Items were classified as 'lexically correct' if the target word or an acceptable synonym in the same word class was produced (i.e. a synonym which is also a noun on noun targets; a synonym which is also a verb on verb targets). Note that acceptable synonyms did not have to correspond to the same compound type as the target. For example, one of the items in the NN category was designed to elicit the word 'lan-hua' (orchid-flower). However, responses on this item were scored as lexically correct if the speaker produced 'lan-hua' (the expected NN), 'hua' (flower, a lone N) or 'hu-die-lan' (butterfly-butterfly-orchid, an NNN compound referring to a common type of orchid in Chinese culture). These responses differ in their semantic specificity (from a generic flower to a specific butterfly orchid), but they are all acceptable responses for normal adult speakers of Chinese. Thus, items were scored as 'lexically incorrect' if they were not in the expected grammatical category (nouns for verbs; verbs for nouns), or if they were not acceptable synonyms, or if they belonged to the categories 'total omission' or 'uninterpretable jargon'.
Following the criteria of Bates et al. (1991a) , items were classified as 'grammatically correct' or 'lexicalized at the whole-word level' if the subject's response was in the same grammatical category as the targetwhether or not that response is not an acceptable synonym. Thus, if the subject gave a verbal VN 'zhufan' (literally cook-rice, 'to cook') or a single verbal V 'chi' (to eat) for the verbal target 'chao-cai' (literally fry-vegetable, 'to fry'), in both cases, a grammatically correct verb lexicalization was credited. However, if the subject responded to the same verbal target (namely chao-cai 'to fry') with a nominal response such as 'fan' (rice) or 'guo-zi' (wok-AFFIX, 'wok'), the response was scored as grammatically incorrect. Unlexicalized or grammatically incorrect items also included the categories 'total omission' and 'unintelligible jargon', which of course cannot be assigned to any grammatical category.
Components were scored as 'lexicalized at the sublexical level' if the components had the same grammatical category as the components of the target (again, the lexicalized element did not have to be identical with the target component). Following this criterion, if a subject responds to 'chi-fan' (eat-rice) with another VN 'he-shui' (literally drink-water), then both the verbal component 'he' (to drink) and the nominal component 'shui' (water) are credited as lexicalized elements. Alternatively, if the subject responds 'chi-fan' (literally eat-rice) with a NN compound 'shu-cai' (literally vegetable-vegetable), only the nominal element 'fan' (rice) is credited as a lexicalized component (because 'fan' (rice) and 'cai' (vegetable) are identical with their grammatical category). The verbal component 'chi' (eat) is not credited because the subject did not produce a verbal component. Thus, unlexicalized components refer to the components which differ from target components in the grammatical category. In addition, 'omissions' and 'unintelligible jargon', which cannot be assigned with any grammatical category, are also unlexicalized responses at the sublexical level.
We also classified responses on each target type into one of ten possible whole-word classes, to investigate the interaction between baseline word type biases and performance on the various compound items. The ten word types include six noun types at the wholeword level (VN, NN, VNN, NNN, VVN, and N), and four verb types at the whole-word level (VN, VV, VNN, and V). Thus, word types are distinguished by their grammatical category as whole words as well as the grammatical category of their components. For any given item, the whole word produced (not including false starts or repetitions) was classified into one of these ten categories. Examples of the six nominal word types are given in 7a-f, 2 and examples of the four verbal times are given in 8a-d. 
Results
We will begin with analyses of VN verbal and VN nominal compounds, at both the whole-word level and the sublexical level. These analyses will determine 2 The N in (7f) can function as a free word or a word component. However, there are some Ns, which never stand alone as a word, e.g. tie (card) always serves as a component of a word such as qing-tie (invite-card, meaning 'invitation card' and tie-zi (card-affix), meaning also 'invitation card').
whether the effects reported by Bates et al. (1991a) are replicated in the present study. In addition, because VN verbal compounds are subject to the word/phrase criticism (Zhou et al. 1993; Bates et al. 1993) , while VN nominal compounds are not, a comparison of the two types will test the generality of the double dissociation that Bates et al. (1991a) reported at the sublexical level. After comparing these two compound types for percent correct (i.e. production of the target) and percent grammatically correct (i.e. production of some kind of noun for a noun target, some kind of verb for a verb target, at both the lexical and sublexical levels), we will then examine the range of word types that normal and aphasic speakers actually produce (correct and incorrect) in response to VN compounds (both verbal and nominal). This will provide further evidence of a 'noun bias' in Broca's aphasics and a 'verb bias' in Wernicke's. Finally, we will conduct similar analyses over three additional noun compound types: NN (62 items), NNN (20 items) and VNN (22 items). None of these is subject to the phrasal criticism that has been leveled against VN verbs, and all of them provide further evidence for differential noun and verb biases in the two aphasic groups.
Verbal and nominal VN compounds
Whole-word level
On the 33 verbal VN items, normal controls produced the target form or an acceptable synonym from the same word class 97.9% of the time (mean = 32.3 out of 33). This contrasts with 43% correct in Broca's aphasics (mean = 14.2) and 31.2% correct in Wernicke's aphasics (mean = 10.3). Hence, even though these VN compounds are verbs at the whole-word level, Broca's seem to produce the target response or an acceptable synonym more often than Wernicke's. When these scores were subjected to a simple one-way analysis of variance across all three groups, the result was highly reliable F(2,28) = 82.25, p < 0.0001). However, an analysis comparing Broca's and Wernicke's directly just missed significance (F(1,18) = 3.39, p < 0.09).
On the 28 nominal VN items, normal controls produced the target form or an acceptable synonym 95.6% of the time (mean = 26.8), compared with 43.6% for Broca's (mean = 12.2) and a mere 16.1% for Wernicke's (mean = 4.5). A one-way analysis of variance across groups was highly reliable (F(2,28) = 125.19, p < 0.0001), and this time the comparison between Broca's and Wernicke's also reached significance (F(1,18) = 21.86, p < 0.0001). We then compared the two VN compound types directly in a 2 (Broca versus Wernicke) × 2 (compound type) multivariate analysis of variance, using percent correct as the dependent variable to equate for the difference in number of items on the two compound types. This analysis determines whether there is indeed a double dissociation between Broca's and Wernicke's aphasics on these two word types, at the whole-word level. There was a significant main effect of group (F(1,18) = 12.40, p < 0.002), reflecting worse performance overall by the Wernicke's aphasics. There was also a significant main effect of type (F(1,18) = 7.91, p < 0.012), indicating that nominal VN compounds are more difficult across the board. Finally, there was a reliable interaction of group and type (F(1,18) = 9.13, p < 0.007), suggesting that there is indeed a double dissociation between VN nouns and VN verbs at the whole-word level. However, because of the greater across-the-board difficulty of the VN nominal items, this is not a full cross-over interaction (see Figure 1) . In fact, separate comparisons within the groups showed that the difference between VN nouns and VN verbs did reach significance for Wernicke's (F(1,9) = 28.14, p < 0.0001) but not for Broca's (F(1,9) = 0.02, n.s.).
Examination of the cell means suggests that, although normals are close to ceiling, they also have a harder time with VN nominal compounds, compared with VN verbs. However, a one-way MANOVA comparing the two word types within the normal control group failed to reach significance, although there was a trend in this direction (F(1,8) = 2.90, p < 0.13). We will return to this point later in our examination of substitution types used on different nominal compounds.
We also looked at the kinds of errors produced by the respective aphasia groups, comparing omissions (full or partial) and substitutions (full and partial) on the two compound types. Overall, it is clear that both aphasic groups err more often by substitution than omission (Broca's, mean omissions = 10, mean substitutions = 19.7; Wernicke's, mean omissions = 8, mean substitutions = 29.8). A group (Broca's versus Wernicke's) by error type (omissions versus substitutions) MANOVA was conducted on these error scores. There was a main effect of group (F(1,18) = 6.62, p < 0.02), confirming worse performance overall by the fluent aphasics. There was a main effect of type (F(1,18) = 50.63, p < 0.0001), indicating that substitutions are more likely than omissions for both groups. But there was also a significant group by error type interaction (F(1,18) = 7.47, p < 0.02). Additional comparisons indicated that Broca's and Wernicke's do not differ in number of omissions, but Wernicke's produce substantially more substitutions (F(1,18) = 10.18, p < 0.01). Hence the large group difference in number of errors is coming primarily from the category of substitution errors.
These last analyses make it clear that Wernicke's are at a major disadvantage when we use a stringent criterion for 'percentage lexically correct'. One of the main things that we want to know here is whether the two aphasic groups differ in their ability to produce a form that is at least grammatically correct, i.e. whether they can produce (lexicalize) a word that belongs to the same form class as the target (a verb for a verb target; a noun for a noun target).
Results using this dependent variable were quite illuminating. For normal controls, nouns were produced on VN noun targets 99.6% of the time, and verbs were produced on VN verb targets 99.0% of the time. This of course constitutes nothing more than a proof that our stimuli were successful. For Broca's aphasics, some kind of noun was produced on VN nominal targets 84.3% of the time, while a verb of some kind was produced on VN verbal targets only 59.7% of the time. For Wernicke's aphasics, nouns were produced for VN nominal targets 63.6% of the time while verbs were produced for VN verbal targets at a mean rate of 79.7%. As illustrated in Figure 2 , this appears to constitute a full cross-over dissociation at the wholeword level. In fact, a group (Broca's versus Wernicke's) by type (VN nouns versus VN verbs) multivariate analysis of variance yielded no significant main effect of group (F(1,18) = 0.00, n.s.) or type (F(1,18) = 1.93, n.s.), but there was a highly reliable group by type interaction (F(1,19) = 20.72, p < 0.0001). Furthermore a series of additional analyses confirmed that this is a true cross-over interaction. In production of nouns on a VN noun target, Broca's were significantly better than Wernicke's (F(1,19) = 11.05, p < 0.004) and significantly worse than normals (F(1,18) = 12.21, p < 0.003). In production of verbs on a VN verb target, Broca's were significantly worse than Wernicke's (F(1,19) = 6.85, p < 0.02) and also significantly worse than normals (F(1,18) = 56.39, p < 0.0001). Wernicke's were worse than normals on both word types (for VN nouns, F(1,18) = 53.05, p < 0.0001; for VN verbs, F(1,18) = 24.82, p < 0.0001). Within the Broca group, a separate MANOVA comparing the two target types showed that nouns were lexicalized successfully more often than verbs (F(1,9) = 13.65, p < 0.005); a corresponding MANOVA within the Wernicke's group showed that verbs were produced successfully more often than nouns (F(1,9) = 7.08, p < 0.03). In short, when we look at production of the target form class rather than production of the target word, then we find a strong double dissociation between Broca's and Wernicke's aphasics in the predicted direction. In view of the fact the VN noun and VN verb compounds are identical in surface form, this is a very interesting confirmation of the noun-verb dissociation in these two aphasic groups.
Sublexical level
Following Bates et al. (1991a) , we focused here on whether the speaker was able to lexicalize the verb and/or the noun element in each VN compound. Credit was given for production of a verb or noun component whether or not the target component was produced (i.e. whether or not it was the 'right' form). Hence this is a sublexical variant of the above analysis of 'grammatically correct at the whole-word level'.
Starting with VN verbs (the same class of items studied by Bates et al. 1991a ), mean lexicalization rates for the nominal element were 100% for normal controls, 90% for Broca's, and 70.9% for Wernicke's. A simple one-way analysis of variance over all three groups was significant (F(2,28) = 21.79, p < 0.0001). All of the two-way comparisons were also reliable (Broca's versus Wernicke's, F(1,19) = 13.11, p < 0.001; Broca's versus normals, F(1,18) = 25.72, p < 0.002; Wernicke's versus normals, F (1,18) = 31.13, p < 0.0001). On the same VN verb compounds, mean lexicalization rates for the verbal element were 99.3% for normals, 65.5% for Broca's, and 79.7% for Wernicke's. The one-way analysis of variance over all 3 groups again reached significance ( F(2,28) = 17.71, p < .0001), as did all of the two-way comparisons (Broca's versus Wernicke's, F(1,19) = 4.57, p < 0.05; Broca's versus normals, F(1,18) = 39.31, p < 0.0001; Wernicke's versus normals, F(1,18) = 18.60, p < 0.0001).
To test for the predicted double dissociation, we also compared the two sublexical components directly in a 2 × 2 MANOVA (group by sublexical element). There was no main effect of group (F(1,19) = 0.25, n.s.), which means that the two groups were equally successful (or unsuccessful). There was a significant main effect of type (F(1,19) = 4.87, p < 0.04), reflecting greater difficulty overall on the verbal element in a VN compound. Most important for our purposes here, there was a significant group by type interaction (F(1,19) = 21.79, p < 0.0001), confirming that there is indeed a double dissociation at the sublexical level for VN verbal compounds, illustrated in Figure 3(a) . This finding constitutes a clear replication of Bates et al. (1991a) , with different subjects and different materials.
Turning now to the nominal VN compounds, success rates for lexicalization of the nominal element were 100% for normal controls, 85.4% for Broca's, and 73.2% for Wernicke's. In a simple analysis of variance over all three groups the main effect of group was reliable (F(2,28) = 10.71, p < 0.0001). In addition, two-way comparisons showed that each of the aphasic groups was significantly worse than normal controls (Broca versus normal, F(1,18) = 16.73, p < 0.001; Wernicke's versus normal, F(1,18) = 18.68, p < 0.001). However, the difference between the two aphasic groups just missed significance (F(1,19) = 3.22, p < 0.09). On the verbal element of nominal VN compounds the success rates were 91.7% for normal controls, 55.7% for Broca's and 49.3% for Wernicke's. The analysis of variance across all three groups did reach significance (F(2,28) = 28.99, p < 0.001), and each of the aphasic groups was worse than normal controls (Broca's versus normal, F(1,18) = 49.64, p < 0.001; Wernicke's versus normal, F(1,18) = 59.81, p < 0.001). However, the difference between Broca's and Wernicke's did not even approach significance (F(1,19) = 0.88, n.s.). It is obvious that nominal VN compounds do not yield the same kind of sublexical dissociation that we observed for verbal VN items.
To confirm this impression, we carried out a 2 × 2 (group by sublexical element) MANOVA, on Broca's and Wernicke's only. There was no main effect of group (F(1,19) = 2.82, n.s.), indicating that both groups are equally impaired on these items at the sublexical level. There was a large and reliable main effect of type (F(1,19) = 45.59, p < 0.0001), indicating that all subjects have a harder time lexicalizing the verbal piece in a nominal VN compound. The group by type interaction did not even approach significance (F(1,19) = 0.52, n.s.). Finally, we conducted individual MANOVAs within the respective Broca and Wernicke's groups, comparing the verb versus the noun element in nominal VN compounds. In both groups, the subjects had a harder time producing the verbal unit (Broca's, F(1,9) = 38.25, p < 0.0001; Wernicke's, F(1,9) = 14.32, p < 0.004). Although the sublexical interaction for VN nouns is not significant, it is shown in Figure 3 (b) for comparison with Figure 3(a) , i.e. the sublexical interaction for VN verbs.
To summarize so far, despite the strong evidence for a double dissociation at the whole-word level for VN verbal compounds compared with VN nominal compounds, the two compound types are not comparable at the sublexical level. On VN verbal compounds, we replicate the sublexical dissociations reported by Bates et al. (1991a) , but on VN nominal compounds, the same dissociation is not observed. At first glance this appears to provide support for the criticism raised by Zhou et al. (1993) , who claim that the sublexical dissociation reported in our earlier work actually reflects the phrasal nature of verbal VN items, and hence constitutes nothing more than a by-product of the syntactic problem experienced by Broca's aphasics. However, there are two aspects of our findings that mitigate against this interpretation.
First, there appear to be differences between the two compound types in baseline difficulty, reflected in the fact that normal controls are also less likely to lexicalize the verb component in a VN nominal compound (i.e. 91.7% for the verb morpheme versus 100% for the noun morpheme). To determine whether this apparent difference is statistically significant we carried out a MANOVA comparing noun and verb elements on VN nominals, for normals only. The difference was highly reliable (F(1,8) = 32.67, p < 0.0001).
Second, the Broca's aphasics behave quite consistently across the two compound types: that is, they always have a harder time lexicalizing the verbal element, independent of grammatical class at the whole-word level. This means that (a) the deficit in verb lexicalization that Broca's aphasics show at the sublexical level is not simply an artifact of the phrasal status of some VN verbs (against Zhou et al. 1993) , and (b) the disappearance of the double dissociation on nominal VN items comes entirely from the Wernicke's aphasics. These fluent patients had a harder time producing nominal elements on verbal VN compounds (as we would predict), but they also had a harder time producing the verbal element on nominal VN compounds (exactly the opposite of what we would predict). This suggests that the absence of a double dissociation at the sublexical level on VN nominals may be due to baseline differences in item difficulty that affect performance in all three groups, but have a particularly severe impact on Wernicke's aphasics.
By examining the word types that subjects produced as alternatives to the VN targets, we can determine whether performance was influenced by high-frequency competitors that 'attract' responses in a particular direction at the lexical and/or sublexical level. We can also obtain additional evidence that Broca's aphasics dislike words with a 'verb piece', while Wernicke's aphasics gravitate toward words with verbal elements.
Alternative word types
We have proposed that VN nominals may not show the expected double dissociation at the sublexical level because these compounds differ from VN verbals in base-rate difficulty. That is, normals also find it hard to lexicalize the verb element in a VN noun compound. We suggested at the outset that performance on this task may be affected by differences in the frequency of particular compound types. Among words that are verbs at the whole-word level, VN compounds are a very frequent word type. However, among words that are nouns at the whole-word level, VN compounds are far less frequent; the most common noun compounds are NN or Nzi. Table 1 summarizes all of the word types that patients and controls produced in response to VN nominal and verbal compounds. Although no single category predominates, it is clear that patterns of substitution differ for the two target forms. It is also clear that Broca's aphasics exhibit a consistent 'noun bias' and Wernicke's continue to show a 'verb bias' at this relatively fine-grained level of analysis.
First, consider the alternatives produced on VN nominals. As we suspected, normal controls make almost all of their substitutions from the high-frequency NN category (mean = 2.33 per subject, approximately 8% of all responses). This helps to explain why there are base-rate differences in production of the V element in VN nominals. The NN response was also quite common for Broca's (mean = 4.9, 17.5% of all responses) and for Wernicke's (mean = 4.7, 16 .8% of all responses). When we compare use of this highfrequency alternative across the three subject groups, we find that both patient groups produce NN more than normal controls (Broca's, F(1,18) = 12.37, p < 0.003; Wernicke's, F(1,18) = 4.89, p < 0.05), but Broca's and Wernicke's do not differ from one another (F(1,19) = 0.03, n.s.). We may conclude that competition from the high-frequency NN alternative occurs for all normal and patient groups, obscuring the predicted double dissociation at the sublexical level.
We also looked at production of a lone V versus a lone N in response to VN nominal compounds. For normal controls, there was only one example of a lone N, and no examples of a lone V. By contrast, both alternatives appeared among the aphasics, but at different rates. For Broca's, a lone nominal element N was produced 13.6% of the time, while a lone verbal element V occurred 1.4% of the time. For Wernicke's, a lone N was produced 5.7% of the time, while a lone V occurred in 4.6% of all responses. A 2 × 2 MANOVA was conducted comparing lone N versus lone V for Broca's and Wernicke's only. There was no main effect of group (F(1,19) = 1.40, n.s.), but there was a significant effect of type (F(1,19) = 7.68, p < 0.013), indicating the greater prevalence of single-noun responses on these VN nominal compounds. Most important for our purposes here, there was a significant group by type interaction (F(1,19) = 5.39, p < .032). Hence the double dissociation between Broca's and Wernicke's is reliable, in the predicted direction.
Of all the substitution types in Table 1 for VN nominals, the most interesting alternative may be the production of VV compounds in place of a VN noun. These items are particularly interesting for our purposes here, because they are 'verbs all the way down', in response to targets that are nouns at the whole-word level, with one nominal element at the sublexical level. There were no responses in the VV category for normal controls. The mean for Broca's aphasics was 0.2 (representing well under 1% of all responses), while the mean for Wernicke's was 1.3 (constituting 4.6% of all responses). Although these alternatives were not very frequent overall, the difference between Broca's and Wernicke's is significant (F(1,19) = 6.15, p < .023), providing further evidence for a 'verb bias' in Wernicke's aphasics.
Turning now to the VN verbal items, we found very few substitutions of any kind for normal controls. They produced NN responses here only 1% of the time, compared with 8.3% for VN nominal targets. Of course this is not surprising, since the target in this case is a verb instead of a noun at the whole-word level. The only other substitution observed for normal controls in this category was VV compounds (1.3% of all responses to VN verbal targets). This confirms our suggestion that VN nominals differ from VN verbs because the former experience competition from the high-frequency NN word type, while the latter do not. By contrast, Broca's aphasics produced a relatively large number of NN responses to VN verbal targets (mean = 6.0, 18.2%); these responses also occurred in Wer-nicke's, but they were less frequent (mean = 2.3, 7%). The difference between aphasic groups was significant (F(1,19) = 6.22, p < 0.023).
We also looked again at the production of a single V or a single N. These responses did not occur at all among normal controls. For Broca's a lone N was produced 9.6% of the time, while single V elements constituted 2.1% of all responses to a verbal VN target. For Wernicke's the corresponding rates were 3.6% production of a lone N and 7.9% production of a lone V. Although these are (again) relatively low-frequency response types, their distribution suggests further evidence for a double dissociation. This impression was verified in a 2 × 2 MANOVA (group by V versus N response). The analysis yielded no main effect of group (F(1,19) = 0.01, n.s.) or type (F(1,19) = 0.73, n.s.), but there was a reliable group by type interaction (F(1,19) = 9.19, p < 0.007).
Finally, we looked at the production of VV compounds, a somewhat more appropriate alternative for VN verbal targets. As noted, this did occur for normal controls (although it was very rare). For Broca's the VV response occurred 1.8% of the time, compared with 11.5% for Wernicke's. This difference was statistically reliable (F(1,19) = 10.24, p < 0.005). We also carried out a 2 × 2 MANOVA, comparing group (Broca versus Wernicke) with NN versus VV responses to VN verb targets. The two main effects were not significant, but there was (again) a reliable group by type interaction (F(1,19) = 11.94, p < 0.003), indicating a double dissociation, with more 'double noun' responses in Broca's aphasics and more 'double verb' responses among Wernicke's.
To summarize, the word type analysis helps to clarify the earlier comparison of VN nouns and VN verbs, from several points of view. First, we have confirmed our suspicion that VN nominals are more difficult (even for normal controls) because of competition from the high-frequency NN compound type. This fact makes it difficult to see the same sublexical dissociation that emerged so clearly for VN verbals. Second, we find clear evidence for a noun bias among Broca's, in production of a lone N and/or production of a double-noun response to either of these compound types. Conversely, Wernicke's aphasics are more likely to produce a lone V and/or a double-verb response to VN compounds of any kind. We conclude that there is indeed a double dissociation at the sublexical level in Broca's and Wernicke's aphasics. Regardless of the form class of the target word at the whole-word level, Broca's find it hard to lexicalize verbal components, while Wernicke's tend to insert verbal components where they do not belong.
NN, NNN and VNN nominals
The three additional compound types at issue here are all nouns at the whole-word level, including VNN compounds. Hence they should provide further insights into production of complex word types by Broca's and Wernicke's aphasics.
Whole-word level
On the 62 NN compounds items, lexically correct responses (i.e. the intended NN or an acceptable noun synonym) were produced 95.2% of the time by normal controls, versus 55.3% by Broca's and 27.7% by Wernicke's. An analysis of variance across all three groups did yield a significant main effect (F(2,28) = 73.23, p < 0.0001). Both aphasic groups performed more poorly than normals (Broca's, F(1,18) = 61.87, p < 0.0001; Wernicke's, F(1,18) = 197.80, p < 0.0001). The difference between the two aphasic groups was also significant (F(1,19) = 18.15, p < 0.0001).
In our analysis of VN nominals and VN verbs, double dissociations emerged most clearly when we used a less stringent criterion for correct performance, accepting any response that was grammatically correct (i.e. in the same form class as the target word). Applying the same criterion here, we find that normal controls produced some kind of nominal response to NN targets 97.1% of the time, compared with 86.9% for Broca's aphasics and 75.2% for Wernicke's.
The difference across all three groups was reliable (F(1,28) = 8.99, p < 0.001), and both aphasic groups were significantly worse than normal (Broca's, F(1,9) = 6.93, p < 0.02; Wernicke's, F(1,9) = 17.96, p < 0.001), but the difference between aphasic groups just missed significance (F(1,19) = 3.82, p < 0.07). In other words the two aphasic groups manage to produce some kind of noun at the whole-word level most of the time, and although there is a tendency for Broca's to succeed more often, the difference is only marginally reliable. When subjects failed to respond with the required noun, they did so for one of two reasons: because they produced a word that is a verb at the whole-word level, or because they produced jargon or failed to respond at all. Obviously if there were differences in rates of jargon and omission, that might skew the results. However, there were no differences between aphasic groups in the percent of trials that fell into this 'unclassifiable' category (Broca's = 22.4%; Wernicke's = 25.3%; F(1,19) = 0.25, n.s.). We looked at the proportion of all responses to NN items that were verbs at the whole-word level, and found that this category accounted for only 0.4% of all responses by normals, versus 3.6% by Broca's aphasics and 15.3% by Wernicke's. In this case the difference between the two aphasic groups was reliable (F(1,19) = 16.88, p < 0.001), constituting further evidence that Wernicke's show a verb bias-even on NN items, where there is no verbal element at the lexical or the sublexical level.
On the 20 items designed to elicit NNN compounds, normals produced a lexically correct form (i.e. the target or an acceptable noun synonym) 97.8% of the time, compared with 43% for Broca's and only 16% for Wernicke's. The analysis over all three groups reached significance (F(2,28) = 72.33, p < 0.0001), both aphasic groups were significantly worse than normal (Broca's, F(1,18) = 52.35, p < 0.0001; Wernicke's (F(1,18) = 400.23, p < 0.0001), and the difference between the aphasic groups was also reliable (F(1,19) = 11.41, p < 0.003). If we use the less stringent criterion of 'grammatically correct', then normals produce some kind of noun at the whole-word level 100% of the time in response to NNN targets, compared with 81.5% for Broca's and 74% for Wernicke's. In this case the difference between the two aphasic groups does not reach significance (F(1,19) = 0.78, n.s.), even though Broca's appear to be somewhat more successful. However, when we look at the production of verb alternatives in response to NNN targets, a group difference emerges once again. Verb production at the wholeword level is uncommon for Broca's on these NNN items (3.5% of all responses), but Wernicke's produce some kind of a verb at the whole-word level 22.5% of the time. The difference between Broca's and Wernicke's is reliable (F(1,19) = 14.34, p < 0.001), providing still more evidence for the verb bias in Wernicke's aphasics. Once again there was no reliable difference between the two groups in jargon or omission (F(1,19) = 3.83, p < 0.07), although Broca's appear to be worse off on these items (15% jargon or omission, versus 3.5% for Wernicke's).
The most complex types employed in the present study were VNN compounds, which also function as nouns at the whole-word level. Using the more stringent criterion of percent lexically correct (i.e. production of the target word or an acceptable noun synonym), success rates for normals were 97.5%, compared with only 23.6% for Broca's, and 13.2% for Wernicke's. All group comparisons were reliably different: across the three groups (F(2,28) = 292.22, p < 0.0001); Broca's versus normals (F(1,18) = 712.53, p < 0.03); Wernicke's versus normals (F(1,18) = 468.40, p < 0.0001), and Broca's versus Wernicke's (F(1,19) = 5.91, p < 0.03). It is clear that these items pose a substantial challenge for both groups of aphasic patients. When we use the less stringent criterion of percentage grammatically correct (i.e. production of some kind of a noun at the whole-word level on nominal VNN compounds), the success rates were 99.5% for normals (mean = 21.9), 70.9% for Broca's (mean = 15.6) and 54.1% for Wernicke's (mean = 11.9). Hence performance is much better for all three groups using this standard. In this case the difference between Broca's and Wernicke's is also reliable (F(1,19) = 4.75, p < 0.05).
Recall that responses were scored as 'grammatically incorrect' if they were in the wrong form class, or if they were total omissions or uninterpretable jargon. To clarify the nature of the failures experienced by Broca's and Wernicke's aphasics on VNN compounds, we carried out an additional analysis restricted to production of words that are verbs at the whole-word level. Such responses were observed only 0.5% of the time in normal controls, but both aphasic groups produced verbs relatively often on these items, i.e. 15.9% in Broca's and 24.1% in Wernicke's. In contrast with our analyses of the two compound types that have no verbal element (i.e. NN and NNN), the difference between Broca's and Wernicke's missed significance for VNN targets (F(1,19) = 2.63, p < 0.13). There was (again) no difference between Broca's and Wernicke's aphasics in the jargon/omission category (F(1,19) = 1.39, n.s.).
The contrast between NNN and VNN nominal compounds is of particular interest here. Both item types are nouns at the whole-word level, both are quite long and complex, and both are relatively infrequent compound types (compared with VN nouns, VN verbs and NN nominal compounds). However, the NNN items are compatible at both levels (i.e. they are 'nouns all the way down') while the VNN items require one verbal element. If our arguments about doubledissociations at the sublexical level are correct, then we should find that Broca's have more difficulty with VNN than NNN, while Wernicke's should have trouble with both sets. The cell means cited above provide support for this view, but to test it further we conducted a MANOVA on percent lexically correct, comparing groups (Broca's versus Wernicke's) and item types (VNN versus NNN). Results included a significant main effect of type ( F(1,18) = 9.01, p < 0.01), due to the greater overall difficulty of VNN, together with a significant main effect of group (F(1,18) = 12.74, p < 0.002), indicating worse performance overall by Wernicke's. Most important for our purposes here, there was a significant interaction between group and item type (F(1,18) = 5.01, p < 0.04), in the predicted direction. To confirm this interpretation we also conducted separate MANOVAs for each of the two aphasic groups. For Broca's aphasics production of a lexically acceptable response was significantly more likely on NNN than VNN (F(1,9) = 8.73, p < 0.02). For Wernicke's there was no difference in the overall difficulty of these two item types (F(1,9) = 0.68, n.s.). These results are presented in Figure 4 .
In the same vein we carried out a MANOVA comparing VNN and NNN compounds in the production of a response that is grammatically correct (i.e. some kind of noun at the whole-word level). In this analysis there was a main effect of item type (F(1,18) = 17.06, p < 0.001), reflecting the greater overall difficulty of VNN items. However, the main effect of group was not reliable (F(1,18) = 2.74, p < 0.12), and there was no significant interaction (F(1,18) = 1.59, n.s.). So the problem lies not with 'noun-ness per se', but with the relative difficulty that Broca's aphasics experience in producing a lexically correct form in response to VNN items. It appears that the mere presence of a verbal element within a nominal VNN compound poses a special challenge for Broca's aphasics, reducing their performance well below the levels observed on NNN or NN. Because the VNN items are true compounds, and in no way subject to the verb phrase criticism raised by Zhou et al., we take this as further evidence for a double dissociation between nouns and verbs at the sublexical level. Conversely, all of these data provide further evidence for a verb bias in Wernicke's aphasics. Even though the NN, NNN and VNN compounds are all classified as nouns at the whole-word level, Wernicke's aphasics frequently respond by producing verbs. This tendency will become clearer still as we move to analysis of the alternative word types that are produced in response to these complex nouns.
Alternative word types
Sublexical analyses were fairly straightforward for VN nouns and VN verbs, because there are only two possible slots within each target word, and they lie in a clear, complementary distribution. By contrast it is difficult to conduct an analysis of omissions or substitutions at the sublexical level for NN, NNN and VNN compounds, since it is difficult to assign a relationship between the 'intended unit' and the 'observed unit'. For example, if the patient produces a lone V in response to an NN target, how should that response be classified? Which N element was omitted, and which was substituted? Given these problems, questions about 'noun intrusions' and 'verb intrusions' at the sublexical level are best addressed by looking at the competing forms produced by normals and aphasic patients in response to these complex noun targets. Table 2 summarizes the alternative word types produced by normals and aphasics in response to NN, NNN and VNN compounds. At the whole-word level we already know that Wernicke's patients tend to produce a pathological number of verbs in response to these nominal targets. Examination of Table 2 tells us more about the sublexical structure of their substitutions. For normal controls, substitutions are relatively rare overall, as we have already noted. Normals produced a form with the target structure 88.4% of the time on NN items, 87.2% on NNN, and 84.4% on VNN. Among the correct synonyms or incorrect substitutions that they did produce, most were nouns at the wholeword level (see Table 2 ). Looking at the internal structure of substitutions, normals produced words containing some kind of V element 3.2% of the time on NN targets, 1.1% of the time on NNN targets, versus 8.7% on VNN targets. So although substitutions are rare in normals, there does appear to be some effort to include the verbal piece on items designed to elicit a VNN nominal response. In fact, if we look at the data in terms of percentage of all substitutions (as opposed to percentage of all correct and incorrect responses), we find that alternatives containing a verbal element account for 3% of all substitutions by normals on NN items, 11% of substitutions on NNN items, compared with 59% of all substitutions on VNN. This baseline fact will be relevant to our interpretation of the aphasia data.
For Broca's aphasics, substitutions are more common overall, and (as we saw earlier) they tend to be nouns at the whole-word level. Looking at the internal structure of word substitutions (see Table 2 ), we can see that substitutions containing a verbal element account for 4.7% of all responses by Broca's aphasics on NN targets, 5% of all responses on NNN targets, but 20.5% of all responses on VNN targets. If we look at this pattern expressed as a percentage of all substitutions (as opposed to a percentage of all responses, correct or incorrect), we find that Broca's produce substitutions with an internal verb 22% of the time on NN items, 12% on NNN items, versus 38% on VNN targets. This is quite similar to the pattern displayed by normals. In fact, three separate two-way analyses comparing Broca's with normals on each target type (using percentage of all substitutions with a verbal element as the dependent variable) yielded no significant differences.
As we have already seen, Wernicke's produce more word substitutions than any other group, and they are also more likely to produce intrusions that are verbs at the whole-word level. Looking at the internal structure of their word substitutions (see Table 2 ), we can see that Wernicke's produce substitutions containing some kind of verbal element 14.8% of the time on NN targets, 29.5% on NNN targets, and 29.3% on VNN targets. Expressed as a percentage of all substitutions within each category, the corresponding figures are 45% on NN, 38% on NNN and 47% on VNN. Overall, these ratios appear to be higher for Wernicke's aphasics than they are for normals or for Broca's aphasics. We carried out separate two-way comparisons looking at the percentage of all substitutions containing a verbal element, first comparing Wernicke's with Broca's and then comparing Wernicke's with normals. In the Wernicke/Broca comparisons, there were significant differences in the ratio of substitutions with an internal verb on NN targets (F(1,19) = 8.14, p < 0.02), and on NNN targets (F(1,19) = 11.31, p < 0.003), but the comparison on VNN targets failed to reach significance (F(1,19) = 1.54, n.s.). In the Wernicke/normal comparisons, the difference just missed significance on NN (F(1,18) = 3.98, p < 0.07), was reliable on NNN items (F(1,18) = 7.53, p < 0.02) but did not reach significance on VNN targets (F(1,18) = 2.59, n.s.).
Putting these lines of evidence together, we may conclude that Wernicke's produce a high ratio of substitutions that contain a verbal element of some kind, a tendency that is most striking on NN and NNN targets that are 'nouns all the way down'. Broca's produce relatively few verb intrusions, although it seems that they do struggle to produce some kind of verb piece in response to VNN nominal compoundsas though, at some level, they are trying to match the desired pattern. Normals produce very few substitutions of any kind, but when they do, their responses are closer to those of Broca's aphasics.
Summary and conclusion
Although our results vary somewhat depending on the compound type in question, they provide further evidence for a double dissociation between non-fluent Broca's aphasics and fluent Wernicke's aphasics in the production of nouns and verbs. Furthermore, this dissociation appears to hold at both the lexical and sublexical level, providing a serious challenge to several alternative accounts of this peculiar double dissociation.
First, our results for VN verbal compounds replicate those of Bates et al. (1991a) in every respect, with different materials and different subjects. This includes a replication of their sublexical effects, i.e. Broca's have more trouble producing the verbal element within the VN compound, while Wernicke's have a harder time producing the nominal element. However, like the original findings by Bates et al. (1991a) , this result is potentially controversial, because there is so much uncertainty within Chinese linguistics concerning the status of VN verbal compounds. Are they true compounds? Or are they actually functioning as a verb phrase, i.e. a main verb with a nominal argument? If the latter interpretation is correct, then this supposed sublexical effect may be nothing more than a restatement of our findings at the whole-word level (i.e. Broca's find it hard to lexicalize main verbs, while Wernicke's have a harder time with lexicalization of whole nouns). To disambiguate between these alternative interpretations, we included an array of alternative compound types in the present study, including VN compounds that function as nouns at the wholeword level (and are therefore not subject to the verb phrase criticism), as well as NN, NNN and VNN compounds that are all nouns at the whole-word level.
On the VN nominals, results were somewhat different from those for VN verbs. On the one hand, analyses directly comparing VN nouns with VN verbs provide further evidence for a double dissociation at the whole-word level (i.e. Broca's show their worst performance on VN verbs while Wernicke's have a harder time with VN nouns). This is a particularly interesting finding, because the two item types are superficially very similar. However, we did not find the same double dissociation at the sublexical level on VN nominals. In fact, all subjects (including normal controls) had a harder time lexicalizing the 'verb piece' within such items. At first glance this appears to provide support for Zhou et al.' s contention that the sublexical effects reported by Bates et al. (1991a) are an artifact of the verb phrase confound. However, we believe that several additional facts mitigate against this view. First, Broca's aphasics were quite consistent across the two item types, i.e. they always found it more difficult to lexicalize the verbal element within a VN compound. It is the Wernicke's who failed to show a consistent pattern across the two compound types.
Second, a detailed analysis of the alternative word order types showed that all subjects (including normal controls) have a tendency to replace VN nominals (a relatively infrequent word order type) with NN nominals (a very frequent word order type). This fact makes it difficult to compare VN verbs and VN nouns directly at the sublexical level. The strongest evidence for a double dissociation at the sublexical level comes from the other substitutions produced by Broca's and Wernicke's aphasics on these two compound types. In particular, Wernicke's have an across-the-board tendency to produce verbal elements (e.g. a lone V, or a VV), a tendency that is far less common in the non-fluent patients. These patterns were verified in our analyses of NN, NNN and VNN compounds. All three compound types function as nominals at the whole-word level. However, on all three we found that Wernicke's aphasics tend to replace nouns with verbs at the whole-word level, and to replace nominal elements with verbal elements at the sublexical level (including lone V, VV and VVN). These patterns are far less common among Broca's aphasics, who tend instead to substitute one kind of noun for another.
The strong bias toward production of verbs in Wernicke's aphasia appears to be a robust phenomenon. This part of the double dissociation has often been ignored, with theorists focusing instead on the problem that Broca's aphasics experience in the production of main verbs. As we noted in the introduction, the morphological account and the syntactic account both view the main-verb problem in Broca's aphasia as a byproduct of agrammatism, while offering no explanation at all for the 'noun avoidance' or 'verb attraction' displayed by some fluent patients. The lexical account and the semantic-conceptual account do deal with both sides of the equation, and may be compatible with our findings at the whole-word level. However, as we pointed out earlier, these accounts have difficulty with our findings at the sublexical level, where they appear to be unparsimonious if not completely circular.
Do we have anything better to offer? Without question, our results require an explanation at both the lexical and the sublexical level.
3 Indeed, the two levels appear to interact in a number of interesting ways (e.g. all subjects including normals are 'pulled' toward the high-frequency NN type in items that require a VN noun, but they do not show the same tendency on VN verbs). This suggests that we need an account that captures a combination of lexical and sublexical facts. We cannot, for example, simply replace a whole-word theory (e.g. whole nouns are stored in posterior cortex while whole verbs are stored toward the front) with a purely compositional theory (e.g. noun morphemes are stored in posterior cortex while verb morphemes are stored toward the front, with all compound words created 'on-line'). We certainly do not have a complete theory to offer. However, it is worth noting that lexical and sublexical effects can be handled together in connectionist theories of language, where whole words are stored as distributed representations with a permeable internal structure, at both the level of form and the level of meaning (Plunkett and Marchman 1991 , MacWhinney 1987 , 1991 , Seidenberg and McClelland 1989 , Elman and McClelland 1986 , Bates et al. 1991b . In these models the subcomponents of a complex word can be activated together or separately, depending on the context, and there are many examples in which effects are observed at both levels of analysis (e.g. in studies of the acquisition and generalization of past-tense morphemes during the course of whole-word learning). A number of investigators have recently pointed out the advantages of connectionist models with distributed representations in accounting for the symptoms displayed by brain-damaged patients (Hinton and Shallice 1991 , Marchman 1993 , Plaut 1994 , 1997 , Martin et al. 1994 , Seidenberg and McClelland 1989 . It is possible that such models could be extended to account for the interesting pattern of dissociations displayed by Chinese Broca's and Wernicke's aphasics in the production of compound nouns and verbs. 
